MOJIEJTUPOBAHUE BHOJIOTMYECKOM OUUCTKH IMOYBBI Y1 30HBI
ADPAIINU OT 3ATPABHEHUSA HE®@TEITPOAYKTAMHA
Konnoes JI.B., Ilawkosckuii U.C. (I'eonunx)

W3 Bcex TeXHOIOTUi JTMKBUAALMH MTOCIEACTBUI HE(PTEPOyKTOBOTO 3arpsiI3HEHHS TIOYB HedTe-
NpOAyKTaMH, HanboJiee maasIiel K OKpyKarolien cpezie sBsieTcs OMoOYNCTKa Ha MECTE 3a-
rpsi3HeHus. bruosornueckas oOuncTKa MPECTaBIseT cOO0H BHECEHHE B TIOYBY OAKTEPHii, CIIO-
COOHBIX pa3yiarath HeTEMPOAYKT U BbIpAOATHIBAIONINX BEIIECTBA, CIOCOOCTBYIOIIUX €ro ObICT-
pomy BeIMbIBaHMIO (OnoreHHBIX [TAB), a Takke BeecTB, HEOOXOIUMBIX IS UX POCTA.

B Hacrosiiee Bpems B mporiecce OMOOYMCTKH UCTIONB3YIOTCS MMPEUMYIIIECTBEHHO adpOOHbBIC Oak-
Tepuu. MccnenoBaHusMu MOKa3aHa UX CIIOCOOHOCTh aKTUBHO PasJiaraTh yriieBOJIOPOIbI, OIpe-
JieIeHbl TPEOOBAHMS K YCIIOBUSIM, HarbOoiee OJaronpuaTCTBYIOMKUM 13 pocty. X MeTtabonmm3m
NoJpOOHO U3YYEH M MOKA3aHO, YTO MPOAYKTHI NEpepadOoTKH MUKPOOPTaHU3MaMH He(hTENpOIyK-
TOB HE ONAcHBI JJIs YeJIOBEKa U OKPY’KaIOIIEH Cpebl.

Ha craauu ruiaHupoBaHMs U OCYIIECTBICHHS MTPOEKTa OMOOUNCTKY JIJIsl OLICHKH BPEMEHU OYHCT-
KM (2 3HAYMT, 1 CTOMMOCTH padoT), a TaK)Ke BbIOOpa ONTUMAIIBHBIX TTAPaMETPOB BCETO TEXHOJIO-
TMYECKOT0 MpoIiecca, LeIeco00pa3HbIMU MPECTABISIOTCS IPOrHO3bI X0/1a OUMCTKH Ha BCEX €€
cTanusax. J{is Takux mpoOrHo30B HIMPOKO UCIIONIB3YIOT MaTEMaTHUYECKOE MOJICTUPOBAHHE.

Ha ocHOBe nMeronmxcs JINTEpaTypHbIX U 3KCIIEPUMEHTAIBHBIX TAHHBIX ObUIH PaCCMOTPEHBI
CJIEYIOIIKE POIECCHl — ATO pa3okKeHHe HeQTenpoayKTa OaKTepUsIMH, POCT U OTMUPaHHE
OakTepwii, BEIpaboTKa OaKkTepUsSIMH MOBEPXHOCTHO-aKTUBHBIX BEILIECTB, EPEX0 ] He(hTEIPOIyK-
Ta B AMYJIbCHIO, IEPEHOC OaKTepUil ¢ MHPMIBTPYIOIIEHCS BOJOM C YI€TOM UX COPOITUU U Jie-
copOLuu, MepeHoc IMYNbCUU HEPTEPOAYKTa ¢ HHPHIBTPYIOIIEHCS BOJOH.

C yueToM 3TUX MPOLIECCOB MpeiaraeTcs ciaeayronas cucreMa ypaBHeHU .
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riae M — KoHIeHTpanus 0aKTepHii B TPYHTE, [y, — MaKCUMallbHasi CKOPOCTh pOCTa OaKTEpHid,

G — koHneHTpauus HedrenpoaykTa B rpyHre, Go — HadajgbHasi KOHIEHTpaLus HeQTenpoyKTa
B IPYHTe, )\ — J10JI Hepa3iaraeMoi yactu Hedrenpoaykra, Kg — KoHCTaHTa cpojcTBa cyo-
CTpaTa K MEKPOOPTaHU3MY, A — CKOPOCTb OTMUpaHus OakTepuid, n" — 3G peKTHBHAS TOPHC-

TOCTb, V — CKOPOCTbh HHQWIBTPALUH BOBI,  — KOAPGHULHUEHT NPONOPLIHUOHAIBHOCTH, CBS3bI-
BAIOIIHI KOJIWYECTBO 00Pa30BABIINXCS KIETOK C MOTJIOMIEHHBIM CYOCTPaToM, N — MOPHCTOCTb,
p — IUIOTHOCTb TpyHTa, C — KOHLIEHTPALMsI SMYJIbIHPOBAHHOI'O HEPTENPOAYKTA B TOUBEHHON
BOJIE, 00 — umuciio Moiiekyl [TAB, obpa3yromux Mumenty, qs — Ko3(QQHUIMEHT MPOOpIHOHANb-
HOCTH, CBSI3BIBAIOIINI KOIMUeCTBO 0OpaszoBaBmmxcs OnolIAB ¢ mormomeHHbIM cyocTpaToMm.

C noMOIIIBIO YHCIEHHOW MOJIeNH, pa3paboTaHHON Ha OCHOBE 3TOW CHCTEMBl ypaBHEHUN, MOKHO
paccuMTaTh TaKME UHTETPabHbIE BEIMUMHBI, KAK KOHLEHTPAIHMIO He(pTENpOoIyKTa U He(hTEOKHC-
JSAOMKX OaKTepuil B TOJIIIE TPYHTA Ha 33aHHBIA PacyeTHBIA NeproJl, KOHIIEHTPAIHIO HedTe-
IIPOJYKTA, BEIMBIBAEMOTO U3 3aIrPSI3HEHHOTO CJI0s IPYHTA, & TAKXKE N3MCHEHHE KOHLIEHTPALUN
CBOOOHOTO HEPTEMPOAYKTA B 3aBUCUMOCTHU OT TIIyOMHBI, €r0 BEPTUKAIbHBINA EPEHOC B TPYHTE
U pacnpezesaeHue 0akTepuid B TOJIE IPYHTA Ha 3alaHHBI MOMEHT BPEMEHHU.

HauanbHbIMH yCTIOBUSMU SIBJISIFOTCS UCXOIHOE pacipeesieHrne cBOOOIHOro HeTEPOayKTa,
SMYJIBIUPOBAHHOTO He(pTEeNpOAyKTa U OaKTepuid. | paHUYHBIM YCIOBHEM SIBIISIETCS] KOHLIEHTpA-
1us OakTepuil B MOJAaBaeMOM PacTBOpE.
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Ha puc.1 npuBeneHs! pe3ynbTaTbl MOJASIUPOBAHUS OUMCTKH, OCYIIECTBIIIEMOI ITyTEM MPOMBIB-
KU pacTBOPOM OHompenapaTa TOJIIN 3arpsA3HEHHOr0 OEH3MHOM I'PYHTa MOIIIHOCTBIO 5 M IIpU
CpeIHEeH KOHIICHTPAIUK 5 T/KT TPYHTA.
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Puc.1. PesynbTatsl pacuera u HaOI01aeMasi KOHIICHTPAUs HEPTEIPOIyKTa

CpaBHeHHe pe3yrnbTaTa IPOTHO3HOTO pacueTa yobutn He(hTeIPOAYKTa Yepe3 roJ OYMCTKHU C AaH-
HBIMU TI0JIEBBIX HAOIIOAEHUH ITOKA3aI0 XOpOIIee COBIAICHHE.

JlanHas Mozenb ObUIa TakXKe MPOBEPEHA U TapaMeTPHU30BaHa B XO/I€ CEPHH JTa00OPAaTOPHBIX IKC-
MIEPUMEHTOB, IPOBEJICHHBIX B COTPYIHUYECTBE € 1abopaTropueil HehTAHOW MUKPOOHOIOTUU
PAH.

Pa3paboTanHast MaTeMaTH4ecKasi MOJICNIb TIO3BOJISIET ONPEAEIATh yObUTh HepTenpoayKTa Ha
3aJJaHHbIM pacyeTHBIH NMEepUOJl, U3MEHEHHE €r0 KOHIIEHTPALUU B 3aBUCUMOCTH OT IIyOWHBI, U3-
MEHEHHE KOHIICHTpaluu OakTepuil BO BPEMEHM, UX pacHpeesieHHe B TONIIE TPyHTa, KOHIIECH-
Tpayio He(TePOAYKTa, BEIMBIBAEMOT'0 U3 3arPS3HEHHOTO CJIOSI TPYHTA, €T0 BEPTUKAIBHBIN Te-
PEHOC B IPYHTE.
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A MODEL OF MICROBIOLOGICAL REMEDIATION OF PETROLEUM
HYDROCARBON CONTAMINATED SOIL AND VADOSE ZONE
D.V. Konnov, LS. Pashkovsky (Geolink)

The most environmentally friendly technology of cleanup of petroleum products contaminated
soils is in situ bioremediation. By in situ bioremediation the bacteria able to destroy hydrocar-
bons and produce surfactants and also nutrients, that are necessary for their growth, are intro-
duced in contaminated soil.

Nowadays in bioremediation are usually used the aerobic bacteria. The investigations have dem-
onstrated their capability of rapid destruction of hydrocarbons, also are defined the favorable
conditions for their growth. Their metabolism is explicitly studied and it is shown, that conver-
sion products are not hazardous to the environment and men’s health.

At the stages of the design and execution of a decontamination project for evaluation of neces-
sary quantity of time of remediation (namely a cost of work process) and choice of optimal con-
ditions for all the process, it seems appropriate to predict the run of remediation on all its stages.
For that predictions are used the mathematical models.

On the base of published and experimental data are considered the following processes: the de-
struction of hydrocarbons by bacteria, the growth and death of bacteria, the production of biosur-
factants by bacteria, emulsification of hydrocarbons, transport of bacteria with infiltrating water
with their sorption and desorption, transport of emulsified hydrocarbons with infiltrating water.
Taking in account all these processes, the system of equations can be written as following:
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where M — concentration of bacteria in soil, p, — maximum specific growth rate, G — concen-
tration of petroleum product in soil, Gyo — initial concentration of petroleum product in soil, y —
part of nondegradative part of petroleum product, Ks — half velocity constant for growth, A —
rate of death of bacteria, n” — effective porosity, v — water infiltration rate, ¢ — amount of

cell produced per substrate consumed, n — porosity, p — density of soil, C — concentration of
emulsified hydrocarbons in soil water, o — number of molecules of surfactant, forming micelle,
qs — amount of surfactant produced per substrate consumed.

With the use of numerical model, developed on a base of this system of equations, such integral
values can be calculated: concentration of petroleum products and oil-degrading bacteria in soil
on the given period of time, concentration of emulsified petroleum product, washed from con-
taminated soil, also the change of concentration of free petroleum products in dependence of
depth, the vertical transport of petroleum product in soil stratum and distribution of bacteria in
soil stratum on a given moment of time.

The initial conditions are: the initial distribution of free petroleum product, emulsified petroleum
product and bacteria. The boundary condition is the concentration of bacteria in given washing
solution.

Figure.1 shows the results of modeling of gasoline contaminated soil washing with solution, con-
taining surfactants producing bacteria. The thickness of soil stratum is 5 m, the average initial
concentration of gasoline is 5 g/kg of soil.
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Figure 1. Predicted and observed concentration of gasoline in soil

The comparison of the predicted and field data of the concentration of gasoline in one year of
remediation have shown good congruence.

This model was also verified and parameterized in series of laboratory experiments in the Insti-
tute of Microbiology carried out in collaboration with laboratory of oil microbiology of RAS.
The developed mathematical model allow to determinate the decrease of petroleum products
concentration on a given period of time, change of their concentration in dependence of depth,
change of bacterial concentration on a given time and depth, concentration of emulsified petro-
leum products, washed from contaminated soil and their vertical transport.
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